Abstract
INTRODUCTION
Autoimmune hepatitis (AIH) is a chronic inflammatory liver disease that can lead to end-stage liver disease, cirrhosis and death [1] . The International Autoimmune Hepatitis Group (IAIHG) suggested simplified criteria -hyperglobulinemia, presence of circulating autoantibodies, interface hepatitis on histological examination and absence of viral hepatitis -for diagnosis of AIH [2, 3] . The etiology and pathophysiology of AIH is not well understood. It is believed that genetic factors, environmental factors and immune dysregulation act together by inducing autoreactive B and T cell responses against autoantigens, causing hepatocyte destruction and inflammation [4, 5] . Adenosine deaminase (ADA), an enzyme involved in the catabolism of purine bases, catalyzes the irreversible conversion of (deoxy) adenosine to (deoxy) inosine [6] . ADA may be present in various tissues and body fluids but its major function is in lymphoid tissues, where it is essential for lymphocytic proliferation and differentiation [7] . Adenosine is an endogenous anti-inflammatory molecule which is decreased in inflammatory conditions with increased ADA activity [8] . Increased ADA activity has been shown in various autoimmune diseases, such as systemic lupus erythematosus, rheumatoid arthritis and Crohn's disease [9] [10] [11] . Some studies have suggested that ADA levels are associated with disease activation in viral hepatitis [12, 13] .
In this study, we aimed to compare the AIH patients' serum ADA level with histopathological features of liver biopsy. To our knowledge, this is the first study investigating serum ADA activity in AIH and its results will provide a useful tool for monitoring of clinical status of AIH patients.
MATERIALS AND METHODS
The study was carried out between 2010-2015 and involved 52 newly diagnosed AIH patients who were admitted to the Hacettepe University, Department of Gastroenterology. Patients were excluded if they had concomitant hepatitis B virus (HBV), hepatitis C virus (HCV) or human immunodeficiency virus infections, primary biliary cholangitis (PBC), primary sclerosing cholangitis (PSC), excessive alcohol consumption, decompensated cirrhosis, hemochromatosis, Wilson's disease, α1-anti trypsin deficiency, hepatic or extra-hepatic malignancies, inflammatory bowel diseases and other autoimmune diseases. Patients who had infections that alter serum ADA levels, such as tuberculosis and brucellosis, were also excluded. Clinical characteristics of patients were recorded at the time of AIH diagnosis. AIH was diagnosed according to the simplified criteria suggested by the IAIHG [3] . The diagnosis of patients was confirmed by liver biopsy. After collection of the serum samples, the patients were treated with prednisone (30-60 mg/d) alone or in combination with azathioprine (50-100 mg/d). Biochemical remission was defined as the normalization of aminotransferase and IgG levels while receiving treatment, relapse was defined as a rise in aminotransferases of more than 3-fold the upper limit of normal after a response or remission.
Control group
We included age-and sex-matched healthy subjects, who did not have evidence of liver diseases or other chronic disorders. Neither patients nor controls had the diagnosis or sign of tuberculosis.
Serological assessment
Antinuclear antibodies (ANA), smooth muscle antibody (SMA) and liver-kidney microsomal antibodies (LKM-1) were detected according to standard autoantibody testing procedures and laboratory standards. An indirect immunofluorescence titer of 1:40 or higher for ANA, SMA and LKM-1 was considered to be positive.
Assessment of serum ADA activity
Fasting serum blood samples were collected from peripheral vein and were transferred into anticoagulantfree tubes. Tubes were centrifuged at 3500 rpm for 10 min and stored at -80 ℃ until the biochemical estimation of ADA activity. Serum ADA levels were measured with commercially available ADA Quantitative UV Assay Kit (Ben S.r.l. Biochemical Enterprise, Milano, Italy) on the COBAS MIRA (Roche Diagnostics, Basel, Switzerland) spectrophotometric chemistry analyzer. Serum ADA values between 5-20 U/L were considered to be within the normal range according to the manufacturer's instructions.
Histological assessment
The METAVİR score was used for staging liver fibrosis on a five (0-4)-point scale, where F0 = no fibrosis; F1 = portal fibrosis without septa; F2 = few septa; F3 = numerous septa without cirrhosis; F4 = cirrhosis [14] . Presence of lymphocytic piecemeal necrosis was graded as mild (necrosis around 1-2 portal tracts), moderate (necrosis at the periphery of about half of the portal tracts) and severe (necrosis surrounding more than half of the circumference of almost all portal tracts). The typical and compatible histology for AIH was defined according to the IAIHG criteria [3] .
Statistical analysis
Statistical analyses were performed using the SPSS software version 21 (SPSS, Chicago, IL, United States). The variables were investigated using visual (histograms, probability plots) and analytical methods (KolmogorovSmirnov/Shapiro Wilk's test) to determine whether or not they are normally distributed. Descriptive analyses were presented using means and standard deviations for normally distributed variables and using medians and interquartile range (IQR) for the non-normally distributed and ordinal variables. The χ 2 test or Fisher's exact test, where appropriate, was used to compare proportions in different groups. Since the age and ADA levels were normally distributed, Student's t-test was used to compare between patients/control groups and in the interface hepatitis levels. The Mann-Whitney U test was used to compare non-normally distributed variables. One-way ANOVA was used to compare ADA levels among the interface hepatitis (mild, moderate, severe) groups. Levene's test was used to assess the homogeneity of variances.
Spearman's rank correlation coefficients were used to evaluate the correlations between serum ADA levels and the inflammatory level of AIH. The capacity ADA level in predicting presence of inflammation was analyzed using receiver operating characteristic (ROC) curve analysis. When a significant cut-off value was observed, the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were presented. A P value of less than 0.05 was considered to show a statistically significant result.
RESULTS
The baseline features of AIH patients are presented in Table 1 . A total of 52 patients (37 women, 15 men), with a mean age of 40.1 ± 12.8, and 28 healthy controls, with a mean age of 45.1 ± 10.7, were included in this study. Nine patients (17.3%) had mild interface hepatitis, 18 (34.6%) had moderate interface hepatitis and 25 (48.1%) had severe interface hepatitis. The fibrosis stages were F0 in 6 (11.5%) patients, F1 in 9 (17.3%), F2 in 11 (21.2%), F3 in 16 (30.8%) and F4 in 10 (19.2%). Table 2 shows the comparative characteristics of AIH patients and the healthy controls. Age and sex were similar in both groups. The mean serum ADA level was significantly higher in AIH patients than in controls (25.4 ± 9.6 U/L vs 12.8 ± 2.2 U/L, P < 0.001). A high serum ADA level (> 20 U/L) was found in 33 (63.5%) patients with AIH; however, there was no value greater than 20 U/L detected in any of the healthy controls.
ADA levels in patients with AIH and healthy controls

ADA as a predictor of inflammatory activity
A positive correlation was observed between serum 
ADA level and liver fibrosis
The mean serum ADA level was 17.4 ± 5 U/L in patients with fibrosis score 0 (F0), 21.8 ± 8.7 U/L in patients with F1, 28.5 ± 9.5 U/L in patients with F2, 27.3 ± 9 U/L in patients with F3 and 25.5±9.6 U/L with patients with F4. There was no statistically significant difference between these groups (P = 0.102). Spearman's correlation analysis also did not show an association between serum ADA levels and liver fibrosis (r = 0.22, P = 0.123).
DISCUSSION
Liver inflammation is clinically relevant, as it is an important factor that predicts therapy response and long-term outcome of patients with chronic liver diseases. AIH is a rare disease and its estimated prevalence is lower than for many other chronic liver diseases. However, recent studies reported that the incidence of AIH is increasing and that AIH is associated with a high morbidity and mortality [15, 16] . These results suggest that better treatment options and new biomarkers or radiological methods capable of predicting disease progression are necessary in AIH.
Liver biopsy is still used as the gold standard in determining grade of fibrosis and disease activity in liver diseases. However, it is an invasive and difficultto-repeat method, with some minor and major complications. Several non-invasive laboratory and radiological methods have been developed to assess the stage of fibrosis in liver diseases. The performance ADA levels and inflammatory activity. The mean serum ADA levels increased for each step of inflammatory activity. ADA levels for different inflammatory activity grades are shown in Figure 1 . In patients with mild interface hepatitis, the mean serum ADA was 15.2 ± 3.5 U/L; in patients with moderate interface hepatitis, the mean serum ADA was 23.1 ± 10.0 and in patients with severe interface hepatitis, the mean serum ADA was 30.9 ± 7.0. Age and sex were not related to interface hepatitis score but ALT and IgG were associated with interface hepatitis score like serum ADA level (Table 3 ). The differences were statistically significant between interface hepatitis grades: mild vs moderate (P = 0.014), moderate vs severe (P < 0.001). Spearman's correlation analysis showed that significant association between serum ADA levels and inflammatory activity (r = 0.71, P < 0.001) (Figure 2) . Optimal ADA cut-off level for interface hepatitis is shown in Table 4 . A 24.55 U/L cut-off point had 88% sensitivity, 85.2% specificity, 84.6% NPV and 88.5% PPV. A cut-off point of 25.25 U/L had 84% sensitivity, 88.9% specificity, 87.5% NPV, 85.7% PPV and area under the curve (AUC) of 0.88 (95%CI: 0.77-0.99) (Figure 3) . Interface hepatitis grade of these non-invasive methods has been studied in HCV, HBV, non-alcoholic steatohepatitis, PBC, PSC and other liver diseases. Nevertheless, efficacy of these methods in AIH was confined to a few small-sized studies.
Normalization of serum aminotransferase and IgG levels are currently described as the biochemical remission. A recent study reported that AIH patients with long-term biochemical remission had signs of inflammation on liver biopsy, and it was shown to be associated with increased liver disease-related mortality and morbidity [17] . The results of this study strongly suggest the need for further laboratory parameters that reveal liver inflammation in AIH. In the study conducted by Gutkowski et al [18] , authors proposed a new laboratory parameter-based model that showed degree of inflammation in AIH, having a high sensitivity and specificity. Similarly, we showed that ADA can predict severe inflammation with considerably high sensitivity and specificity.
Several studies reported that AIH pathogenesis might involve excessive proliferation of cytotoxic T cells by defective T cell activation or impaired number and function of regulatory T cells (commonly known as Tregs) [19] [20] [21] . ADA, an enzyme involved in purine metabolism, plays an important role in growth and differentiation of lymphocytes and macrophages [22] . Since the activity of ADA is elevated during T cell response to antigenic stimulus, this enzyme is considered as a non-specific marker of T lymphocytemediated cellular immunity [23] . This association appears to imply the fact that serum ADA level may determine T cell activity and severity of inflammation in AIH.
ADA level was previously shown to predict severity of disease in hepatitis B and C [12, 13] . In our study, we demonstrated that serum ADA level was markedly elevated at every grade of hepatic inflammation. Furthermore, ADA levels had an 85% sensitivity and 88% specificity for severe inflammation in AIH.
Association between ADA levels and disease activity was also investigated in patients with inflammatory bowel diseases. While some studies reported an association between serum ADA levels and disease activation both in ulcerative colitis and Crohn's disease [11, 24] , some others found no relation of serum ADA levels and disease activity in Crohn's disease [25] . Similarly, it has been shown that ADA levels are associated with disease activation in patients with other autoimmune diseases, such as systemic lupus erythematosus, juvenile idiopathic arthritis, rheumatoid arthritis and Still's disease [9, 10, 26, 27] . Multiple and complex mechanisms are involved in the pathogenesis of immune-mediated disorders, and this process does not seem to be disease specific. Therefore, performance of ADA levels in predicting disease activation may vary among patients with organ or non-organ specific immune-mediated disease.
Our study has several limitations. First, it is not a prospective study and the value of sequential ADA measurements for predicting subsequent complications of AIH needs to be evaluated in prospective studies with long-term follow up. Secondly, small sample size precludes detecting the best optimal cut-off values of ADA in determining interface hepatitis. Considering the low prevalence of AIH, we believe our study to constitute a base for future large-sized studies.
In conclusion, we showed that ADA level was a laboratory parameter that reflected histological activity in AIH. Owing to its easy-to-repeat nature and cheaper cost, it may be used as a non-invasive marker for monitoring liver inflammation in AIH. Larger-sized prospective trials are warranted to show the extent of prognostic importance of ADA in AIH. 
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